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(57) ABSTRACT 

A circuit board may include first and second sides, a plurality 
of circuit board layers between the sides, and a plurality of 
signal traces located in respective circuit board layers. The 
circuit board layers and the signal traces may extend from a 
first component connection region at the first side of the 
circuit board to a second component connection region at the 
first side of the circuit board. The signal traces may thus form 
stubless signal paths through the circuit board between the 
component connection regions. Of course, many alternatives, 
variations, and modifications are possible without departing 
from this embodiment. 

12 Claims, 5 Drawing Sheets 
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1. 

CIRCUIT BOARD INCLUDINGSTUBLESS 
SIGNAL PATHS AND METHOD OF MAKING 

SAME 

FIELD 

The present disclosure relates to circuit boards including 
signal paths, and more particularly, relates to circuit boards 
including Stubless signal paths. 

BACKGROUND 

In a computer system, printed circuit boards may include 
conductive paths that electrically connect electronic compo 
nents, such as chip packages and connectors, mounted to the 
circuit boards. The conductive paths may include signal 
traces that extend along the circuitboard to carry data signals 
between the electronic components. In current circuit board 
designs with many connections between electronic compo 
nents (e.g., chip-to-chip connections), multi-layer printed cir 
cuit boards include multiple signal traces. Signal paths some 
times must travel from a component on the top of the circuit 
board to the signal traces in the various layers inside of the 
circuit board. 

Access to the inner layers in a multi-layer printed circuit 
board may be provided by Vias, such as plated through-hole 
vias (PTHs). Vias may be formed by drilling through the 
circuit board and coating the inner Surface with a conductive 
material. According to existing processes, a hole may be 
drilled through the entire board, even if a targeted layer (i.e., 
a signal trace) is located inside the board, leaving an unused 
portion of the via (referred to as a via stub). 

Via stubs may be problematic because they can be a source 
of resonance in the signal path, which causes extra signal loss. 
Faster signals with higher frequency content (e.g., greater 
than about 4Gb/s or 2 GHz) may have increasing loss due to 
the resonance in via stubs. Circuit boards having a higher 
stackup (e.g., in multi-CPU servers) may experience more 
resonance even at lower frequencies because longer stubs 
reflect more energy. Multiple stubs within a channel (i.e., 
between two electronic components) may produce re-reflec 
tions causing noise or interference with the signal transmitted 
by the channel. 

BRIEF DESCRIPTION OF DRAWINGS 

Features and advantages of the claimed Subject matter will 
be apparent from the following detailed description of 
embodiments consistent therewith, which description should 
be considered with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a side schematic view of a circuit board including 
Stubless signal paths, consistent with one embodiment of the 
present disclosure; 

FIGS. 2A-2C are a side schematic views illustrating a 
method of making a circuit board including Stubless signal 
paths, consistent with one embodiment of the present disclo 
Sure; 

FIG.3 is a side schematic view of an electronic component 
coupled to signal traces in a circuit board, consistent with one 
embodiment of the present disclosure, illustrating a shift in 
horizontal position of the endpoints of the signal traces; 

FIG. 4 is a schematic plan view of a circuit board including 
Stubless signal paths providing a chip-to-chip link, consistent 
with one embodiment of the present disclosure; 
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2 
FIG. 5 is a schematic plan view of a circuitboard including 

cutout regions around the ends of the Stubless signal paths, 
consistent with one embodiment of the present disclosure; 

FIG. 6 is a schematic cross-sectional side view of the cutout 
regions shown in FIG. 5; and 

FIG. 7 is a side schematic view of a computer system 
including a mother board including Stubless signal paths, 
consistent with another embodiment of the present disclo 
SUC. 

Although the following Detailed Description will proceed 
with reference being made to illustrative embodiments, many 
alternatives, modifications, and variations thereof will be 
apparent to those skilled in the art. Accordingly, it is intended 
that the claimed subject matter be viewed broadly. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a circuit board 100 may include first 
and second sides 102, 104 and a plurality of circuit board 
layers 110 between the first and second sides 102, 104. The 
circuit board layers 110 may include signal traces 112a-112c 
electrically connecting electronic components 106, 108 
mounted to at least one side 102 of the circuit board 100. The 
circuit board layers 110 and the signal traces 112a-112c 
extend from one component connection region at the first side 
102 (e.g., from component 106), through the circuit board 
100, to another component connection region at the first side 
102 (e.g., to the component 108). Because the signal traces 
112a-112c extend directly to the side 102 of the circuit board 
100, vias are not necessary to connect the electronic compo 
nents 106, 108 to the signal traces 112a-112c. The signal 
traces 112a-112c thus provide stubless signal paths between 
the electronic components 106, 108. 

In one embodiment, the circuit board layers 110 may be 
made of a dielectric material and the signal traces 112a-112c 
may be made of copper, as described in greater detail below. 
The circuit board layers 110 may also include ground paths 
114a-114c (e.g., ground planes) spaced from the respective 
signal traces 112a-112c. The ground paths 114a-114c may 
also extend generally from one component connection region 
to another component connection region of the circuit board 
100. The ground paths 114a-114c may serve as ground ref 
erence planes and may be coupled together using vias, such as 
plated through-hole vias or stubless vias. The circuit board 
100 may further include electrical contacts 116a-116c and 
118a-118c, such as contact pads, at the end points of the 
signal traces 112a-112c. The electrical contacts 116a-116c 
and 118a-118care located on the side 102 of the circuitboard 
100 to provide electrical contact between the electronic com 
ponents 106, 108 and the respective signal traces 112a-112c. 
The Stubless signal paths provided by the signal traces 

112a-112c may form communication channels between the 
electronic components 106, 108. One embodiment of the 
electronic component 106 may include a processor chip 130 
and a chip package/substrate 132. One embodiment of the 
electronic component 108 may include an electrical connec 
tor 140 configured to connect the circuitboard 100 to another 
component or circuit board. In other embodiments, the signal 
traces 112a-112c may be used to connect two chip packages 
(e.g., a chip-to-chip connection), two electrical connectors, 
and/or any other combination of electronic components 
capable of being coupled to a circuit board. The electronic 
components 106, 108 may include solderable pads for elec 
trically connecting to the electrical contacts 116a-116c and 
118a-118c. In addition to solderable pads, the electronic 
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components 106, 108 may be electrically connected using 
other techniques, such as non-soldered or partially soldered 
Spring contacts. 

For purposes of clarity, FIG. 1 is not drawn to scale and 
shows only three layers 110 including three signal traces 
112a-112c. Those skilled in the art will recognize that a 
circuit board including Stubless signal paths may be con 
structed, according to the methods described below, to have 
different numbers of layers and signal traces. The circuit 
board may also have different configurations and sizes known 
to those skilled in the art, and the signal traces may have 
different lengths and routes through the circuitboard depend 
ing upon the locations of the electronic components being 
connected. A circuit board consistent with the present disclo 
Sure may also include signal paths including conventional 
vias (e.g., with stubs) in addition to the Stubless signal paths. 
In one embodiment, for example, Stubless signal paths may be 
used for high speed signals (e.g., greater than about 4Gb/s) or 
other signal paths that may be susceptible to resonance and 
conventional signal traces with Vias may be used for non 
critical signal paths (e.g., power grid connections or low 
speed control signals). 

Referring to FIGS. 2A-2C, one method of making a circuit 
board including Stubless signal paths is described in greater 
detail. The method may include providing a plurality of flex 
ible circuit layers 210a-210c including a dielectric material 
211a-211c and signal traces 212a-212c formed on or in the 
dielectric material 211a-211c. The flexible circuit layers 
210a-210c may also include ground paths 214a-214c. A flex 
ible circuit layer has sufficient flexibility to allow portions of 
the circuit layer to be deformed and raised to one side of the 
circuit board, as described in greater detail below. In one 
example, the flexible circuit layer includes at least portions 
with sufficient flexibility to allow a deformation angle of 
about 45° or less. The flexible circuit layers 210a-210c may 
be flexible only in the portions that need to be deformed (e.g., 
at the ends) or may be flexible along the entire length of the 
flexible circuit layers 210a-210c. Although the top layer is 
described as a flexible circuit layer 210a, this layer 210a may 
not need to deform and thus may not be flexible in some 
embodiments. 

In one embodiment, the flexible circuit layers 210a-210c 
may be similar to segments of flexible interconnect (also 
referred to as flexible printed wire or flex) known to those 
skilled in the art. The dielectric materials used in the flexible 
circuit layers 210a-210c may include any dielectric materials 
capable of providing the desired flexibility or deformation 
angle. The dielectric material provided between the signal 
traces 212a-212c and the ground paths 214a-214c may also 
be relatively incompressible to maintain acceptable signal 
trace-ground plane spacing. Those skilled in the art will rec 
ognize an acceptable range of compressibility. To provide the 
desired flexibility and incompressibility, the flexible circuit 
layers 210a-210c may have a standard flame retardant type 4 
(FR-4) construction including a dielectric between the signal 
traces 212a-212c and ground paths 214a-214c of either 
prepreg or polyamide, or similar material Such as epoxy 
based materials or PTFE or similar materials. One example of 
a polyamide dielectric that may be used includes the polya 
mide flexible laminate available under the name Pyralux(RAP 
from DuPontTM. In one embodiment, a single one of the 
flexible circuit layers 210a-210c may have a thickness in a 
range of about 5-20 mils, although different stackups are 
possible depending on trace dimensions. The copper traces 
may be formed on or in the flexible circuit layers 210a-210c 
using techniques known to those skilled in the art. 
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4 
The signal traces 212a-212c may extend from one flexible 

portion to another flexible portion of the flexible circuit layers 
210a-210c (e.g., from one end to another end). The flexible 
circuit layers 210a-210c may also include electrical contacts 
216a-216c and 218a-218c, such as contact pads, at the end 
points of the signal traces 212a-212c to provide electrical 
contact to the respective signal traces 212a-212c. The elec 
trical contacts 216a-216c and 218a-218c may be formed 
using conductive material connected to the traces 212a-212c, 
for example, after the lamination process. Alternatively, the 
electrical contacts 216a-216c may be ends of the traces 212a 
212c, which may be exposed, for example, by creating an 
opening in the top cover layer of the dielectric. The ends of the 
flexible circuit layers 210a-210c may be staggered to allow 
the electrical contacts 216a-216c at the ends of the signal 
traces 212a-212c to be moved or raised to one side of the 
circuit board, as described below. In the exemplary embodi 
ment, the flexible circuit layers 210a-210c have different 
sizes and are positioned in a layered arrangement according 
to size (e.g., with Smaller sized circuit board layers on top of 
larger sized circuitboard layers), which results in staggering 
of the ends of the flexible circuit layers 210a-210c. 
When the flexible circuit layers 210a-210c are stacked in 

the layered arrangement, as shown in FIG. 2B, the flexible 
portions (e.g., the ends) of the flexible circuit layers 210a 
210c may be moved or raised toward one side 202 of the stack 
or layered arrangement. In one embodiment, shims 220, 222 
may be used to move the flexible portions of the flexible 
circuit layers 210a-210c toward the side 202 of the stack. In 
one embodiment, the shims 220, 222 may have an angled 
Surface with an angle corresponding to a desired deformation 
angle of the flexible circuit layers 210a-210c, for example, 
less than about 45°. Other shapes and configurations of the 
shims 220, 222 may be used depending upon the desired 
deformation and alignment of the electrical contacts 216a 
216c and 218a-218c. The shims 220, 222 may be made of the 
same dielectric material (e.g., polyamide) as used for the 
circuit board layers 210a-210c. 
When the flexible circuit layers 210a-210care stacked with 

the flexible portions raised toward the one side 202 and the 
electrical contacts 216a-216c and 218a-218c properly 
aligned, the flexible circuit layers 210a-210c may be lami 
nated together. To laminate the flexible circuit layers 210a 
210c, pressure and heat may be applied to the stack until the 
flexible circuit layers 210a-210b bond with adjacent layers. 
The laminated flexible circuit layers 210a-210c form the 
circuit board 200, as shown in FIG. 2C. In one embodiment, 
pressure may be applied in a range of about 200 psi and heat 
may be applied in a range of about 150-200° C. using lami 
nation equipment and techniques known to those skilled in 
the art. Other pressures and temperatures may be used 
depending upon the materials used. The shims 220, 222 may 
also be laminated together with the flexible circuit layers 
210a-210c. Heating and pressing may also be performed Such 
that some melting occurs in the dielectric material to facilitate 
planarizing the circuit board. 
The resulting circuit board 200 may have a thickness t in a 

range of about 50-60 mils and a spacings between the elec 
trical contacts 216a-216c and 218a-218c in a range of about 
40-60 mils. The spacing and positioning of the electrical 
contacts 216a-216c and 218a-218c generally correspond to 
the spacing and positioning of the mating contacts (e.g., Sol 
derable pads) on a corresponding electronic component to be 
mounted to the circuit board 200. To provide a spacing and 
positioning that corresponds to an electronic component, the 
electrical contacts 216a-216c and 218a-218c may be aligned 
when the flexible circuit layers 210a-210c are stacked in the 



US 7,649,745 B2 
5 

layered arrangement. This alignment of the electrical contacts 
216a-216c and 218a-218c may account for any shifting 
caused by deformation of the flexible circuit layers 210a 
210c, as described below. 
When the flexible circuit layers are pressed to raise the 

flexible portions to one side, the deformation of the flexible 
circuit layers causes the horizontal position of Some of the 
electrical contacts 316a-316c to shift, as shown in FIG.3. The 
electrical contact 316d of the signal trace 312d shifts hori 
Zontally by a distance of d1, the electrical contact 316c of the 
signal trace 312c shifts horizontally by a distance of d2, and 
the electrical contact 316b of the signal trace 312b shifts 
horizontally by a distance of d3. As illustrated, the extent of 
the shift is greater for layers that are deformed by a greater 
extent. The shift d1 of the electrical contact 316d in the lower 
most layer, for example, is greater than the shifts d2 and d3 of 
the electrical contacts 3.16c.316b in the other layers. Thus, the 
shifting may be greater for thicker stacks of flexible circuit 
layers. Because the top layer is not deflected in this embodi 
ment, the electrical contact316a of the signal trace 312a does 
not shift horizontally as a result of deflection. 

These horizontal shifts may be taken into consideration 
when the flexible circuit layers including the signal traces 
312a-312d are stacked. In other words, the electrical contacts 
316a-316c are aligned with an original spacing and position 
ing in the layered arrangement of flexible circuit layerS Such 
that the electrical contacts 316a-316c in the resulting circuit 
board have a spacing and positioning corresponding to the 
spacing and positioning of the corresponding contacts on the 
electronic component 302. The original spacing and position 
ing is equivalent to the desired spacing and positioning plus 
the horizontal shift amounts d1,d2, and d3. 

In one embodiment, shown in FIG. 4, a circuit board 400 
may include one or more groups of signal traces 412 that 
provide Stubless signal paths between chips/packages 402 
and/or other electronic components mounted on the circuit 
board 400. In this embodiment, at least a portion of the circuit 
board 400 may be formed by laminating flexible circuit lay 
ers, as described above. The flexible portions that are raised to 
one side of the circuit board 400, as described above, may be 
located in the component connection regions of the circuit 
board 400 where the chips/packages 402 or other electronic 
components are to be mounted. In the illustrated embodiment 
of a multiple chip circuit board 400, the signal traces 412 
provide Stubless signal paths in multiple transverse direc 
tions, for example, with one group of signal traces 412 
extending in the X direction and another group of signal 
traces 412 extending in the Y directions. Signal traces may 
also provide Stubless signal paths along a single dimension 
(e.g., for a single chip-to-chip link). Although the signal 
traces 412 are shown as straight in the illustrated embodi 
ment, the signal traces 412 may also be routed in different 
directions. 

Referring to FIGS. 5 and 6, one method of constructing a 
circuit board 500 capable of providing multiple chip or com 
ponent connections is described in greater detail. The circuit 
board 500 may be constructed by providing flexible portions 
506 to be deformed or raised in the component connection 
regions. Signal traces 512 in the circuit board may extend 
between the flexible portions 506. In this embodiment, the 
circuit board 500 may include cutout regions 508 around the 
flexible portions 506 such that deformation of the flexible 
portions 506 is localized. Localizing the deformation facili 
tates formation of signal traces 512 in transverse directions 
(e.g., in both the X and Y directions) with proper alignment of 
the electrical contacts. 
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6 
As shown in FIG. 6, one or more shims 520 may be used to 

raise the flexible portions 506 to one side of the circuit board 
500, as described above. The flexible portions 506 being 
raised include the electrical contacts 516a-516c connected to 
the signal traces 512a-512c in the respective flexible circuit 
layers 510a-510c. The cutout region 508 allows the flexible 
portions of the respective flexible circuit layers 510a-510c to 
be raised separately from the Surrounding portion of the cir 
cuit board 500, thereby minimizing or eliminating localized 
"hills' on the circuit board. In one embodiment, the entire 
circuit board 500 may be formed of laminated flexible circuit 
layers. In other embodiments, one or more layers or portions 
of the circuit board 500 may be formed of other circuit board 
constructions known to those skilled in the art. After raising 
the flexible portions 506 with the electrical contacts 516a 
516c having the desired alignment, the flexible circuit layers 
510a-510c may be laminated together as described above. 

Referring to FIG. 7, a computer system 650, such as a 
personal computer, may include a mother board 600 includ 
ing signal traces 612 forming one or more Stubless signal 
paths connecting one or more electronic components, such as 
chips 602, 606 and/or connectors 604. The circuit board 600 
including the signal traces 612 may be constructed by form 
ing a layered arrangement and laminating flexible circuit 
layers, as described above. The computer system 650 may 
also include a chassis 652 enclosing the motherboard 600 and 
one or more computer devices 654, 656, such as a hard drive 
and/or an optical drive. 

According to alternative embodiments, a circuit board 
including signal traces forming Stubless signal paths, consis 
tent with embodiments of the present disclosure, may be used 
in modular platforms, such as an advanced telecommunica 
tions computing architecture (AdvancedTCA or ATCA) sys 
tem. Circuit boards including signal traces forming Stubless 
signal paths, consistent with embodiments of the present 
disclosure, may also be used in servers, mobile products and 
consumer products. 

Consistent with one embodiment, an apparatus includes a 
circuitboard including first and second sides and a plurality of 
circuit board layers between the first and second sides. The 
circuitboard layers include a plurality of signal traces located 
in respective ones of the circuit board layers. The circuit 
board layers and the respective signal traces extend from a 
first component connection region at the first side of the 
circuit board to a second component connection region at the 
first side of the circuit board. The signal traces form stubless 
signal paths through the circuitboard between the component 
connection regions. 

Consistent with another embodiment, a method includes 
providing a plurality of flexible circuit layers. The flexible 
circuit layers include a dielectric material and respective sig 
nal traces extending from first flexible portions to second 
flexible portions of the respective flexible circuit layers. The 
method includes positioning the flexible circuit layers in a 
layered arrangement such that the first and second flexible 
portions of the flexible circuit layers are raised to one side of 
the layered arrangement. The method further includes lami 
nating the flexible circuit layers together to form a circuit 
board structure having first and second sides. The laminated 
flexible circuit layers form circuit board layers and the signal 
traces form Stubless circuitboard signal paths extending from 
a first component connection region at the first side of the 
circuit board to a second component connection region at the 
first side of the circuit board. 

Consistent with a further embodiment, a computer 
includes a chassis and a mother board located in the chassis. 
The mother board includes first and second sides and a plu 
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rality of circuit board layers between the first and second 
sides. The circuit board layers include a plurality of signal 
traces located in respective ones of the circuit board layers. 
The circuit board layers and the respective signal traces 
extend from a first component connection region at the first 
side of the circuit board to a second component connection 
region at the first side of the circuit board. The signal traces 
form stubless signal paths through the circuit board between 
the component connection regions. The computer further 
includes at least first and second electronic components 
mounted on the mother board. The first and second electronic 
components are electrically connected to at least some of the 
signal traces at the first and second component connection 
regions, respectively. 

Various features, aspects, and embodiments have been 
described herein. The features, aspects, and embodiments are 
susceptible to combination with one another as well as to 
variation and modification, as will be understood by those 
having skill in the art. The present disclosure should, there 
fore, be considered to encompass such combinations, varia 
tions, and modifications. 

The terms and expressions which have been employed 
herein are used as terms of description and not of limitation, 
and there is no intention, in the use of Such terms and expres 
sions, of excluding any equivalents of the features shown and 
described (or portions thereof), and it is recognized that vari 
ous modifications are possible within the scope of the claims. 
Other modifications, variations, and alternatives are also pos 
sible. Accordingly, the claims are intended to cover all Such 
equivalents. 
What is claimed is: 
1. An apparatus comprising: 
a circuit board including first and second sides and a plu 

rality of circuit board layers between the first and second 
sides, the circuit board layers including a plurality of 
signal traces located in respective ones of the circuit 
board layers and extending with the circuit board layers 
to the first side of the circuit board, the circuit board 
layers and the respective signal traces extending from a 
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first component connection region at the first side of the 
circuit board to a second component connection region 
at the first side of the circuit board, by extending to the 
first side of the circuit board the signal traces form stu 
bless signal paths through the circuit board between the 
component connection regions without using vias to 
connect the component connection regions to the signal 
traces. 

2. The apparatus of claim 1 further comprising contact pads 
in the component connection regions at the first side of the 
circuit board, the signal traces in the circuit board layers 
extending from and electrically connected to respective ones 
of the contact pads. 

3. The apparatus of claim 1 further comprising electronic 
components mounted to the circuit board and electrically 
connected to at least Some of the signal traces at the compo 
nent connection regions. 

4. The apparatus of claim 1 further comprising at least two 
groups of the signal traces. 

5. The apparatus of claim 1 wherein the circuitboard layers 
include a plurality of ground paths located in respective ones 
of the circuit board layers. 

6. The apparatus of claim 1 wherein the circuitboard layers 
include a plurality of laminated flexible circuit layers. 

7. The apparatus of claim 1 wherein the circuitboard layers 
include layers of dielectric material. 

8. The apparatus of claim 1 wherein said circuit board is a 
mother board. 

9. The apparatus of claim 3 wherein the electronic compo 
nents include multiple chips. 

10. The apparatus of claim 4 wherein the two groups of the 
signal traces extend in directions that are transverse to one 
another. 

11. The apparatus of claim 7 wherein the signal traces 
include copper traces formed on or in the dielectric material. 

12. The apparatus of claim 7 wherein the dielectric material 
includes at least one of a dielectric material selected from the 
group consisting of polyimide and prepreg. 

k k k k k 


